Epigenetic Marks of Active and Silenced rRNA Genes in Nucleolar Dominance
To test the hypothesis that H3 dimethyl K9 is a mark of silenced rRNA genes, we exploited the fact that one parental set of rRNA genes is silenced in genetic hybrids to the ‫3ف‬ kb intergenic spacers ( Figure 2C ). In mock- are nucleosomal, we deduce that these rRNA coding sequences associate with histones displaying the same suecica with TSA or aza-dC, which derepress the underdominant A. thaliana-derived rRNA genes and upregumodifications as the intergenic regions that were assayed by ChIP. late the dominant A. arenosa genes (see Figure 2B 
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inactive fraction is condensed, heterochromatic, and amplified by PCR if the chromatin immunoprecipitated with antibodies against H3 dimethyl K9 was first treated with associated with H3 dimethyl K9. We next tested whether or not promoter DNA methylaMcrBC (column 7). These data indicate that the A. thaliana rRNA genes in A. suecica are hypermethylated and tion was tightly correlated with H3K9 dimethylation in nucleolar dominance in A. suecica, as was the case in are exclusively associated with H3 dimethyl K9. By contrast, the dominant A. arenosa rRNA genes within mockthe pure species A. thaliana (refer to Figure 1C) . To do so, chromatin isolated from A. suecica was tested using treated A. suecica were readily amplified using chromatin immunoprecipitated with antibodies recognizing the ChIP-chop-PCR assay using primers that specifically amplify either the A. thaliana-or the A. arenosaeither H3 trimethyl K4 or H3 2 and 4) . HDT1-RNAi plants were vigorous and displayed no visible phenotypes. Upon examining nucleolar dominance using the S1 nuclease protection assay, A. thaliana rRNA gene transcripts were detected only in trace amounts whereas A. arenosa transcripts were abundant in nontransgenic A. suecica ( Figure 5C , columns 4 and 5; compare results using the different probes). Treatment of A. suecica with TSA derepressed the silenced A. thaliana-derived rRNA genes and upregulated A. arenosa genes 2-to 3-fold (lane 3), consistent with previous results. Importantly, in all HDT1-RNAi lines, the underdominant A. thaliana rRNA genes were derepressed (columns 6-10), and the degree of derepression was consistent with the extent to which HDT1 mRNA levels were reduced. We conclude that HDT1 activity is required for rRNA gene silencing in nucleo- Figure 6B ), correwith the cytosine methylation inhibitor aza-dC is exsponding to two nucleoli per nucleus, as shown conclupected, but promoter demethylation by a histone desively using differential interference contrast microsacetylase inhibitor, TSA, is more surprising, though not copy ( Figures 6C-6E) . The nucleolar localization of HDT1 unprecedented (Selker, 1998). The concerted switch in suggests that this histone deacetylase may act directly both DNA and histone methylation suggests that these on rRNA gene chromatin. epigenetic marks are interdependent and integral to rRNA gene silencing. Our results provide a rationale for why nucleolar domition are upstream of one another (Figure 7) . According to the model, H3K9 methylation and H3K9 acetylation nance occurs; namely, as a manifestation of dosage control. However, dosage control in a hybrid could be are mutually exclusive, suggesting that K9 deacetylation needs to precede K9 methylation (Nakayama et al., achieved by adjusting the number of rRNA genes expressed from both parents. Therefore, additional, but 2001). Our results suggest that HDT1 is a potential candidate to be a H3K9 deacetylase (see Figure 5D ). H3K9 unknown, mechanisms must choose only one parental set of rRNA genes for complete inactivation. It is also methylases, whose action follows K9 Bombarded tissue was incubated in the dark for 24 hr and imaged extensively before eluting with 1% SDS, 0.1 M NaHC0 3 . DNA-protein using a Zeiss M 2 Bio microscope equipped with a Zeiss Axiocam crosslinks were reversed at 65ЊC overnight. Purified DNA was predigital camera and a Nikon Eclipse E600 fluorescence microscope cipitated with ethanol and resuspended in TE (pH 8.0). Immunoprewith a Q Imaging Retiga EX digital camera. cipitated chromatin assayed by dot blot was applied to Genescreen Plus membrane (Perkin-Elmer). Filters were hybridized to an NsiI fragment of intergenic spacer clone pCaIGS for A. arenosa rRNA
